The one-pot synthesis of pyrido [2,3-d] pyrimidine derivatives has been reported via Knoevenagel-Michal addition pathways using substituted aromatic aldehydes, Cyanoacetamide and 6-aminouracil in N,N-dimethylformamide (DMF) solvent, with 4-dimethylaminopyridine (DMAP) as new organo catalyst catalyst under ultrasonic irradiation. The results showed that a series of aromatic aldehydes were effectively used to prepare the targeted pyrido [2, 3-d] pyrimidine derivatives with good to excellent yields (81-93 %) with no major effect on the yield of product by electron donating/withdrawing substituents. Short reaction time, environment friendly procedure, excellent yields, inexpensive and readily available catalyst are the advantages of this procedure. All synthesized compounds were characterized by IR, 1HNMR, 13CNMR and mass spectral data.
activities, especially as inhibitors of PDE5 extracted from human platelets [1] , HIV-1 reverse transcriptase [2] , human EPK2 [3] and cyclin-dependent kinase [4] .The pyrimidine ring can be found in nucleoside antibiotics, cardiovascular as well as agrochemical and veterinarian products [5] . Nitrogen containing heterocyclic play vital role in medicinal chemistry. Among them, bicyclic nitrogen-containing heterocyclic compounds, such as Pyrido [2,3-d] pyrimidine's have been the most thoroughly investigated and this scaffold is associated with a wide range of biological activities, such as antibacterial [6] , antiallergic [7] , antitumor [8] , anti folate [9] , tyrosine kinase [10] , antimicroibial [11] , calcium channel antagonists [12] , antibacterial [13] , anti-inflammatory, analgesic [14] , antihypertensive [15] , antileishmanial [16] , tuber culostatic [17] , anticonvulsants [18] , diuretic, potassium sparing [19] and anti-aggressive activities [20] . In view of these observations, great efforts have been directed to the synthetic development of annulated pyrido [2,3-d] pyrimidine derivatives.
Sonochemistry is widely used in organic chemistry, offering a versatile and facile pathway to build a wide number of synthetically useful organic reactions [21] . Ultrasonic irradiation leads to the acceleration of numerous catalytic reactions in homogeneous and heterogeneous systems [22] . Acoustic cavitation occurs on irradiation with high intensity ultrasound. Cavitation is the formation, growth, and implosive collapse of bubbles in liquid medium producing huge amounts of energy in very short times from the conversion of kinetic energy of the liquid motion into heating the contents of the bubbles. These cavitations can create extreme chemical and physical transformations by enhancing mass transfer and turbulence in the liquid [23] . Ultrasound wave is a powerful and green approach, which is being used to increase the reaction rates and product yields of organic compounds [24] . In general, Ultrasonic-assisted organic syntheses (UAOS) have significant effects on the
Introduction
The basic skeleton of the genetic materials is made up of heterocycles like adenine, guanine, cytosine, thymine and uracil. Heterocyclic compounds have received considerable attention, owing to their variety of biological chemical reactivity, such as to accelerate the reaction, to reduce the induction period and to enhance the efficiency of the catalyst.
Multi-component reactions (MCRs) are considered as primary approach by modern medicinal and combinatorial chemists [24] [25] [26] , for the construction of molecular complexity and structural diversity, because of their significant features such as simple reaction design, atom-economy, environmental concerns, and the possibility to construct target compounds using several assorted elements in a single chemical procedure [27] [28] [29] . In recent years, the synthesis of Pyridopyrimidine derivatives were reported using a plethora of reagents in the presence of catalysts, such as L-Proline [30] [31] , Piperidine [32] , ionic liquid (Cell-IL) [29] , ZrO 2 [33] [34] and without catalyst [35] [36] . Reported methods appearing in the literature usually require forcing conditions, prolonged reaction time, create wastes, complex synthetic pathway and low yields.
Conventional thermal heating (reflux) methods have been reported by employing three-component reaction for synthesis of bioactive molecules using DMAP as catalyst [37] [38] [39] [40] [41] . However, these methods have drawbacks, such as long reaction times, high temperature and pressure, unsafe environmental practices and unsatisfactory yields.
In continuation of the current research from our laboratory to develop an efficient multicomponent reaction for the preparation of pyrimidine annulated bioactive molecules [42] [43] [44] [45] [46] , we report here, to explore the efficient, simple and fast synthesis of highly functionalized new pyrido [2,3-d] pyrimidine derivatives via one-pot threecomponent domino Knoevenagel-Michael addition reaction in presence of DMAP catalyst under non-conventional ultrasonic irradiation (Scheme 1).
Material and methods

Apparatus and analysis:
Melting points were determined by open capillary method and were uncorrected. IR spectra were recorded on a Perkin-Elmer 298 spectrophotometer using KBr pellet. 1 H and 13 C NMR spectra were recorded using a Bruker instrument ( 1 H at 400 MHz and 13 C at 100 MHz) in DMSO-d 6 solvent and TMS as internal standard. Chemical shifts are reported in ppm. Mass spectra were recorded on Shimadzu GC-MS-QP-2010 model using Direct Injection Probe technique. Reactions have been monitored by thin layer chromatography on 0.2-mm precoated plates of silica gel G60 F254 (Merck).The reactions were carried out with a ultrasonic processor probe, sonopros pr-1000mp (6mm/12 mm tip diameter probes) with power input 230V, 50 Hz, 4 Amps and power variation within 0-230V.
General Synthetic procedure for pyrido[2,3-d]pyrimidine derivative4 (a-m)
A mixture of substituted aromatic aldehydes 1a-m (1 mmol), 6-aminouracil 2(1mmol), cyanoacetamide 3 (1.2 mmol), and nitrogen type catalyst DAMP (20 mol %) in 20 ml N,N-dimethylformamide (DMF), was introduced in a heavy walled, pear-shaped two-necked flask, with non-standard taper outer joint. The flask was attached to 12 mm tip diameter probe, and the reaction mixture was sonicated for the specified period at 60% power until the reaction was completed. Completion of the reaction was monitored by TLC using n-hexane: ethyl acetate (7:3) as an eluant. All the reactions were invariably completed in 18-32 min. After the reaction completed, the colored product obtained were cool for 30 mins and poured in 5-8 ml of ice cold water. The reaction mixture then filtered, washed with cold water to remove the DAMP catalyst and finally recrystallized from ethanol to get the targeted pure pyrido [2,3-d] pyrimidine derivative.
Result and discussion
We have reported the synthesis of annulated pyrido [2,3- Table 1) . We found that the best conversion was observed when the reaction performed in N, N-dimethylformamide (DMF) and the product obtained in 93% yield (Table1, entry 5). In order to optimize the different base catalysts, we synthesized the model product 4d by treating a mixture of 4-methoxybenzaldehyde (1 mmole) 1d, cyanoacetamide (1 mmole)2 and 6-aminouracil 3(1 mmole) in the presence of different catalyst using DMF as solvent under ultrasonic irradiation. We found that catalysts such as DBU, piperidine, DABCO, morpholine and DMAP ( Table  2 , entries 1-8), were equally efficient in furnishing the desired model product 4d in good yields. Among these basic catalysts, 20mol % of DMAP gave the best result in terms of reaction time and product yields ( Table 2 , entry 7). In the absence of catalyst, the reaction was complete after 143 minutes of sonication ( Table 2 , entry 8) and yield of product was only 43%. Therefore, 4-dimethylamino pyridine (DMAP) catalyst appears to be superior to any other tested catalysts. Results indicated that a series of substituted aromatic aldehydes were successfully employed to prepare the corresponding product under non-conventional ultrasonic methodology in excellent yields (81-93 %) and that there is no major effect on the yield of product by electron donating/withdrawing substituents ( Table 3) .
The structural assignment of model product 4d was confirmed by IR, 1 H NMR, 13 C NMR and mass spectrometric analysis. The IR spectra exhibited sharp absorption bands at 3435, 3132-2909, 2833, 1678, 1579, 1401 cm -1 , which are attributed to NH 2 , NH, C-H, C≡N, C=O and C=C stretching vibrations, respectively. The 1 H NMR spectrum of compound 4d showed the peaks at δ 10.38 -10.09 due to NH group, peaks at δ 7.31 and 3.83 due to NH 2 groups, peaks at δ 7.20-8.06 showed aromatic protons and peak at δ value 3.76 are assigned the methoxy proton. In the 13 C NMR spectrum of the compound 4d, the 13 significant signals were recorded at δ 169. Mechanistically, the formation of the product is a sequence of reactions involving Knoevenagel condensation of cyanoacetamide with aromatic aldehydes by loss of water molecule, followed by Michael addition of 6-aminouracil from β-position on electron deficient C-atom and an intramolecular heterocyclization that leads to the formation of the pyrido [2,3-d] pyrimidine derivatives. The probable mechanism is given in (Scheme 2). 
Conclusion
In conclusion, we have reported an efficient and straight forward procedure for the one-pot three component synthesis of pyrido [2, 3-d] pyrimidine derivatives under ultrasonic irradiation in DMF using 4-dimethylaminopyridine DMAP as a mild, readily available, inexpensive, and efficient base catalyst. The current Sono-catalyzed methodology has the advantages of short reaction period, operational simplicity, mild reaction conditions and good to high yield of the desired products.
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